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ABSTRACT 


This thesis discusses the 2acononic effects sf noise 
abatement regulations on the helicopter industry. Increased 
manufacturing and operating costs from noise abatement regu- 
lations on Sikorsky's S-75 helicopter are estinated. The 
effects on consumer utilization are also discussed. Ar 
appendix compares two ind2pendent research studies that used 
Beeoe estimating relationships and sost estimating rela- 
foomshiapSs tO eStimate manufacturing costs of the helicopter 
by subsysten. | 

This thesis proposes that if noise abatement reguiations 

W 


* 


-=thout due consider- 


are imposed on tte helicopter industry 
pemmon £CL tuture technological improve 
manufacturers, operators 3f helicopter business2s, and 
consumers of helicopter services would be adversely 


arfected. 
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A. HELICOPTER CHARACTERISTICS 


Helicopters today are 2xamples of sngineering exceallienc? 
and aerodynamic ingenuity. They hav2 3 muitituide of unique 
capabilities that cannot be duplicated by conventional, 
fixed-wing airplanes. These capabilities are extremely 
mamorcant for the transportation us2s t9 which paslicopters 
ar2 applied. To understai2i more fully what makes then 
Moeae, an understanding of their conmercial apolications is 
important. 

meseaynamically, helicopters d> 13t have 


a 
Meee des _gned for litt chacactsristicss as do con 


S I 


v 
Seleccartc. instead, rotating blades produce ths requirs 
Mme chet propels the aircraft. Consequently, a ne 
has the capability of dacalerating fron 
ieee reaching a hovering sondition. From @ 
copter can moves forward oc backwards, sideways, up and down. 
These unique flight characteristics aelp pos 
Seeeer [Or precise landings. Helicopters need only a 
landing area slightly larg2r than th2it ro*cr diameter £9 
ensure proper clearance. fhis vertical landing and takeoft 
capability provides greater flexibility in selection of 
Beaecgeng zones or heliport Locations, especially in congestad 
Bieemess districts or on confined o11 rig platforms. 

Meee helicopter is als> capable of »2perations On unpre- 
Memea surtaces. Other 2izsraftt that have vertical ta 


mie tt 1eS INCCrporetS high velosity Eans or jsts that 


reguire prepared or heat resistant sirfaces. [hs ab 
the helicopter to operate from unprepared suritacses provides 
eumeai most limitless choics for landiag sites Dive. 2 Deas y 





+o use unprepared surfaces is also 22 advant 


(Dp 


ag 
heiicopter during emergensies. Whils an aizplaa 
find an area that is ralatively flat and clear 
needs oriy a smali clearing. 


ieermose 2Mpertant Chatacteristis o£ helicooter Elzght 
© h 


Memene helicopter's ability to hover. This is 2 flight 

condition in which the airsraft remains motionless over a 

Mereea position. Fron ge et Oui ELors ee nelisopters hays 
h 2 


proven themselves as excellent vehicl2s for sears 
rescue. 

Helicopters can not oily hover, but taxi themselves to 
PewepoOs-tion tnha~ iS required. Sy hover-taxiing, an 
Pupcinar+ can a 1ESSL£ away from lerger airplanes 


without disrupting normal Flight operatio 


J 
in 
6 
OO 
th 
fed f: 
iD 
ae | 
= 
Ko Ie 
iD 
iy 4 
'? 
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@emeets WwSe airport laniiag facili 


tia 
foom and off of major £2xl ways. This capability reduces 
Semqest:on and interferens3, and off 

S 


service to helicopter users by byp2 

Aerocynamicaliy, airplanes nee 
Seee these fixed wings =o provide Lift. Otherwise, 
azcplanes will experience an airflow separation frem che 
Wing and the wing will stall. Helic 
moma, Can Ciy and operate 2ffestivel 
Beeemes. Slow flight es 4 shoc 
Bljeeect altport approach p2tterns. Air tratiic co 
can manipulate helicopters in and arcsurnd larger, no 
restricted airplanes by adjusting helicopter speed 
Approaches +o landings become safer, and helics 
Mave MOLe time to correct aircraft performances 
Semel tons of poor visibility. 

Slow flying is also aivantagesus for helicooters pia 

Peet eltal! Spmaying, police patrol or eraffic control, 


where close monitoring of areas is critical. 


i) 





Rotary wing aircraft are asrodynanically less s 
to wake vortex and wind sh3ar phenomena. A helicopter's 
BOEOrs integrates or filter wind cnany2s, tnaus dampening wind 
changes that are felt on fixed wing airplanes. fhus, heli- 
copters do not need long a9 proach paths or lins up control 
as do conventional aircraft. In congested areas, Snorter 
approach paths, and approath paths with steep glide angles, 
(up to 12 degrees for heiicopters virss 3 degrees for 
airplanes) help reduce th2 noise footprint generated from 
aurpcraft. Steeper glid= angles and shorter approaches 
enable helicopters to use patt2rns taat avoid oostructions 
miaeemocherwice limit fixed wing rlight. 

Perhaps the most econdsuic capability of the helicopter 
memes abi itty to carry external loads, especially into or 
away from areas that cannot be transversed by ground vehi- 
mies. The loqging industry employs heavy lift halicopters 
to remove feiled trees faster than could be removed by 


meaner. Other industrial asplications employ heliccpt=> 


M 


LO 


eu 
= 
Qu 


lift heavy and outsized eguipmen+ susth as ante 
Pome Ue = Of =D TOOL t50S. [ne extarcnal lizc 
ity is 2 method by which carjg> maybe deliv 
Pomoc wees eenads 21, Saving time and m> 
Be SeOPs aNd axktes Pecole son handiin 
cargo. 

mye last chatacteristic that di 

memmeconventional aircraft is in the v 
available to helicopters. Wheye fix2i wi 

Lon 


restricted to wheels, ski, and f1oa 


ei 
ray) 
ct 
ju 
to °° © 


helicopters can be equipp2i with skiis t S 
terrain and hard ek ea better. This helps ore 
laje damage by transmitting structur3l loading *9 the skids. 

These characteristics have made the helicopter an 
extremely efficient vehicle for commercial and nilizary 
d 


Op2rations. Helicopter manufacturers today are angage 


VD 





expensive and compiex engineering cesearch to inprove *zhese 


characteristics. 


Be. HELICOPTER TECHNOLOGY 


The helicopter industry is a lary, competitive, and 
mega y diversified industry. Currcsatly chere ars eighteen 
helicopter manufacturers world-wide, producing forty-seven 
models. Domestically, ths major halicopter manufacturers 
ames Sbell Textron, Boeing Vertol, Sikorsky, and Hughes 
Aircraft Company. Thes2 companies haves voroduced or have in 
S@eeent operation some 10,300 civiliin aircraft, mostly in 
Bemvece 17 the United States and Canida. In 1931, civillan 
helicopter sales by U.S. manufacturers rotaliecd $.76 
Pee On, cepresenting 1402 airframes. Total U.S. civil 
Meeeecatt sales (general aviation, 32it transportation, an 
meeorcratt) during the sams period reached $8 oliiiion, a 
sales figure spread over 22,878 airfranas [Ref. 1: 73]. 

minutes COcOECtAt= OEOdusS t2=on LOr the =Ezse worid is 
Mmem@eac=ued tO double by by the year 1990 f Ref. 1: 3]. If 


Pies Projection hoids trues, total flaset needs for ci 


< 
1-¢ 
t-? 
ee 
Fey 
tJ 


activity will surpass military helicopter usage, now esti- 
mated at 20,900 airframes. The potsitial growth and 
@evextopment of the helicooter industry by the turn of the 
meer y -~S dependen= upon not osniy tas technological davel- 
opnents and 2lectronic 2ivances designed for mnulti-vurvoss 
us2s and all-weather capabilities, but increas?s in perfor 
Mances such as lifting capabilities and spsed. 

The dollar investment in helicopter zachnoisgy and 
development has increased 3+ even faster rates. Up until 
feed, helicopter manufactucers had spent collactively 3200 
malizon on helicopter engineering. 3y 19790, that figure hai 
Mesened 51.6 billion, and by 1979, $2 billion. 8y 1999, 


cumulative monetary outlays for donestic helicooter R&D has 


11 





Been estimated to be $1) billion, an extremely xsptinistic 
Forecast {Ref. 1: 2]. 

The dominate civilian rotocraft has been tha light, 
Single-engine helicopter. Towards tis erd of ¢ 
turbine engines started replacing piston driven recipzro- 
G@ae2ngq engines. With the introduction of the turbine 
emgene, the helicopter could offer 3 much greater thrust to 
Memgnt “atio,. The market 2xperiens2il vigorous jrowth until 
the 1973/74 oil price incr2ase, at which time increased 
Operating costs caused many operators to curtail or shutdown 
Seeeactorns. Not until 1973 dii th2 helicopter industry 
rebound, when offshore oll exploration added a asw demand 

The 1970's also introduced technology dramatically new 
and innovative from the 1950's. The newer modsis were no 
streamlined, with fuselage designs vary similar to 
airplanes. Many or the newer, mediun sized helicopters 
maeor porated retractabl= landing gear that further reduced 
drag, increased airspeédis, and sévad fuel. HeLticopter maniu- 
faczturers stressed technological advin 
PemselLuct:on and design +> eliainace blade no 
feet, CLOr greeter passenger comfort and reduc 
fatigue. The developments incorpo e) 
mcoiern helicopters have a great infla 
peeecry, and cost. The principal techno 
that have made the heliscooter scompstiti 


Beced Wing aircraft are: 


ieeeeaSrodynamic - The gc2atest technological breaxthroughs 
have been in blade and fuselag2 designs that have 
reduced drag, increased speeds, reduced vibrations, 
and increased fuel ef ficiency. 

2. Composits Materials - New conp3zsite materials, provides 
for greater flexibility in design anda protection. 
This is especially true in the fostor head and hub 
assembly, where fewer but stroiger materials can 
replace older and heavier components. Helicopter | 
We-GhcsS have continied to decr2ase2, and 2quipped Wie 
mors powerful engines, orfer an airframe fhat is more 


DEOGUCT 1V e. 
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pmeen Cmcer Foo Mancem-. TULTDINe Snjlines, curcentiy 
replacing older ani less powerful piston @ngines, 2re 
ecto anleawpecauce E12Y ars NOPs Tucl efficient, reLi- 
abie, weigh less, ani for th same horsepower. 
Puec=Tpomecs ene avadonics = Laptovements in the 2lec- 
PEOvle mt oU@unave at tected Magy Systems in 
helicopters. , Improvements, ot ee ace and coOmmuni- 
cation haves ligne ade cantly. : dved ehe nelecop certs 
VOelLey «oO FLY at low as cul accurately, where very 
high frequency (vhf) and ifne->f-sight Sao tals = han = 
sMacccea 1 EQWwNGwrtcilitves Sannos be rsssived. In 
mie Meat Euture, ali MNavigatioa fOr ships and aircrait 
meee directed freon setclli=sc, increasing =he¢ 
erformance of helicopters as they travei extended 


istances over water or terrain, away fron normal 
Means Of Lrecepeson. Piloée workloads eae De reduced 
wee =he Tntegdrarion Of New Soatrols, displays, 
compucers. _Preceiur2s once per ee rined manual laa cue 
as calculation of fu2l consumption or ce enter opie 
poe ey Poadengc, wlll b= alecolatacelly caicuia?> 
Sipucecrs "Wit T help ites the Slot PeOhwhog- pi aeo 
related duties. ¢ CORD NEMS NE bDilots can spend the2: 
tlme more eri clientl paying closer attention to 
@arczart performance and proceiuces. Computers will 


fv 
He 
fu 


not 2 epider) fan monitoring So Do eee, oe = 
Monee, Dic anstanely provide valuabie d £3 CeonGCs=rengd 
weather, dangerous ecm hece mos OOSe Lule Ons to 
Miregit.  ignmowgh th] use O£ SonpuTters, inscantaneous 
ame accurate data can be rec risved and analysed, and 
precautions taken t) ensure the sate conduct of heli- 
copter operations. 
Reiiability and Safsty - Helicopters today area . 
designed by manufacturers to b3 2s Safe 35 Sot ect 
RecenneelekKoats EOUsS Comtorza0lS sea*S with hetter 
Veo omiey send simaplifzed conmtsols. Bask-up systems 
me meprace =aihed CONpOnSnics SE major Systems arte 
Secenadara ON Many corporats and commercial anodsis. . 
Peceenger comzor- A eoaeery Nave been LNpEOVeEd Wl2n 
Heoaoo leona PeOOLeny pang Ceiusces Vibration. Tans ¢ost 
Posse 2- ates £O= nelicoptiscr =slights 15 being lowersa 
os more people fly za helicopters ane Heep eet Merri = 
BoNGYoureresscs. [>Gav, helisopters ats competing 
for NOmemces bOUceS DY CkeStinyl + prOacet appiicartron 


of transportation ne2ds. 


Matcop-ers are abl= tt) fly in 2lmost all conditions of 


inclement weather, except icing and savere surbulence. The 


helicopter can achieve this, and at speeds competitive with 


fixed wing aircraft of th2 same weight and sizs. Because 


Pieeneti copter has the capability of landing at helivnorts 


located closer te commerci2l areas, =he time saved by using 


Ox 


helicopters is a competitive tradeofi tc the faster speeds 
a 


conventional aircraft. Helicopters today, given medi 


= 


range capability and passenger loading, can maintain cruise 


sp2eds at 150 mph, with iasreases in performances being 
Va 


denonstrated by newer derivative aircr2zft every ia 
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MmietteCl=Ocor Cra ts technology d22s not att g 
Seom Current, COnventional designs. Large nelicopters witli 
eventually accomedate a hundred or more passer Ss 
service air routes at medium distances of 100- 
Geeeectly competing with fixed wing carrier 
locations [{Ref. 1: IvV-1]. 


7) 
j-- 
a 


Smaller to medium siz2 helicopters may ses 22rody: 
Smenges with the elimination of th= tail rotor as a 
torque device. New technigues are being tested that not 
Ormey ECliminate this tail rotor, but increase helic 
speeds substantially. 


Mees THe ROLOr 1S such a new class of heticapter. Ths 


r3 


Mer ROtTOL aitcrarft will position 
overhead and forward positions, dapending on the desired 
Bewecrarc attitudes. Higher s S W@ 


W 
Vandgd2sq Cha racte=:stics 


Kh 
rh 
pv 
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Pee ficinig the vertical t32keo 
Seo) Conventional helicopter. 
Mee X-Wing sotorcraf= is another hslicep 
@e@eaended for high speeds Without sacrificing vertical take- 
ees and landings. The name is derivei fron 9 
the wing, which when visw2ei from dic 
Memes Ot SDinhing, corms an "X™". dJace 
Peeeeorne, the spinning X-Wing will b= locked into place and 
mame rOn aS an airfoil for forward flight. 
Pee acd ipnovative airframe currznotly being tested 
Miemeaee Concept, Or Advanced Blades Concept. I: is 
VELyY Similarly to a conventional helicopter, exzept that 
Bmsceaed Of One rotor attazhed to the nain mast, the 
fem ©The TWO CO*OrS COunterrotat> arouna che nase, etfrec- 
fey neutralizing the stalling property a blade enco 
Meee rOtating to the trailing side of the rotatioral p 
The ABC concept is design22 to have an advancing biads on 
both sides of the aircraft, with *he stailing blades on the 


trailing sides feathered *» reduce irag. Another advantage 
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Sa the coaxial rotor sys Vee ethat 2 tC@e#l recor is not 
Pequizced to compensate for main rotor torque. [he ABC is 
Gapeable of speeds comparable to fixei wing aircraft, at 
altitudes in excess of 24,900 feet, 2nd stil parform take- 
@ees and landings vertically. Frototyp2e ABC aircréerft have 
been west flown by military andi NASA pilots, but the 
aircraft is still in its 2xperimental stage. 

Mne future of roterscraft developnent is not only 
designed around flights at faster sp2eds and higher alti- 
sujes. New design featur2s also str2ss applications towards 
meayy lift helicopters, with gross weights exceeding 300,090 
pounds. The commercial applications of heavy lizitc helicop- 


ters are many and varied, out the key to heav 


‘QoS 
t-~ 
t-' 
th 
ct 


development is the propulsion compon2anats, (en 
Bemers and =Otors) and their influen>s on halicspter perfor- 
Mance. 

These new derivazives are the next generation 
vertical takeoff and landiag (VTOL) a2ircra 


Ce 
continued urban development and the high costs of air 
1 
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@emseruct:on and iodcation, hel} 


increasing role in commut2r an 
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C. COMMERCIAL APPLICATION AND MARKETS 


Meumelretally, rOtOrcratt precduct ion is one of the 
fastest growing sectors i121 sales and eroduction in the avia- 
Meer aduSstry world-wide. By 1990, sivil rotorcraft 
production is expected to 2xce2i $3 biilion per vear, or 17% 
emo) CoV1il aviation production [Raf. 1: 70]. From 1960 
memough 1970, civilian helicopter production octtput doubled, 
Smee 2s expected to double igain in tae 1980's. By 1990, 
Over 20% of all dollar 2xoenditures for aircraft purchases 
femme <Or helicopter or VTOL aizsrift. This growth, for 
ths most part, has been spurred by technical breakthroughs 
Mentioned in the previous sections. 
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Beid Textron Corporation has donin2ated helicepter 
production since the — anawstu eta]. te nos. Ss 
macket leader. Other domestic manufacturers that shere in 
helicopter production are the 30eing-Vertol Company, HYuahes 
Aircraft, and Sikorsky. These domestic producers actively 
compete for foreign markets with overseas constrtiums such 
as Westland-English, Aerospatiale-Franch, and 
Memeca-~italiean. In these sountriss, the rotorcraft industry 
is heavily subsidized through governnent procurement, and 
aiccraft models are tailor3d to m2z2t commercial and military 
Beeescetions. U.S. manurasturers, 21 the other hand, are 
able to meet expanding ani prefitabl= market denands by 
designing and producing various models of helicopters to 
me2t the requirements damanded by th2 differant users. The 
European manufacturers projiuce 3a higaly competitive and 
SeemereeNnt altcraft, but 91 a magnituie one-tenth that of 


tee PHOCuctiocn. 


< 
a 
t4 
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OD 
ju 
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gene helicopter of today performs a number of di 
amoortant missions. As a vehicle for public servic 
helicopter has been employid as an anbulance <5 reduce 
transit times from accijent Sites to noSpitals. Heliccpters 
@eematsOo used for pubiis safety, suca as traffic control and 
rescue missions. Helicopters 2are constantly being called 
Ween £Or transportation dacing periois of natural disasters 
and relief. 

fee helicopter is ais> usei by ptivate corporations <0 
transport technitions, support equipnent, and perscnnel to 
Sumerom Of fShore coil rigs and drilitiag platforns. AS oii 
companies expand their 2xploration further and further 
offshore, there will be a2 increas2i demand for heiicopters 
tO meet longer filight times and heavisr payloads. 
Helicopters have successfally withstood extreme tenperature 
Meetatlcns, from North Sez oil exploration to Persian Guif 


@@esat.orns. In the Guilt sf Mexico today, there are 847 
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Peele aqpeers SUupDCrtang 137 mobile iriliing rigs, 992 muitsi- 
meme preduction platforms, and 117 mors un 
fest. i: 55}. 

Peezoleun Hewcepeert L1corporatei, (PHI) Elys cver 1009 
Mmerant hours per day from its fleet sf 400 helicopters to 
Seerigs in the North Atlantic, South America, the Gulf of 
Mexico, and Africa. Mora time and noney is saved by oil 
conpanies using helicopters for personnel transfers than 
when slower surface vess2ls ara employed. Steady agrewth in 

e) 


this market can be seen with the ever increasing démands £ 


i 


energy. 

merestry, logging, 2ni agricultucal spraying are other 
diverse and useful applications for a2licopters. 
Helicopters are capable of penatratiig terrain too remote or 
meman <.Or land vehicles or conventioi2l1 aircraft. Helos can 
also be refusled from trucks driven t95 the periphery of 
unprepared fields, eliminating wansit times +9 and from 
PeeepOres. This means that the helicsoter is able t> remain 


MmteaelOn longer periods of time, 2conomically sovering nore 


ty 
Q 
rH 
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rh 
ct 


Mpeaecr shorter periods oF time, and maximizing ai 
usage. 

The economic uses of raalicopter applications are 
merous. Transportation of large, outsized carjgo- or of 
commuters for intercity sacvice is bzing handled more effi- 
Meet ay ~Odey by rotary wing aircraft. Helicopters are not 
cheap to maintain and operate, and like other high perfor- 
Maace machines, must be maintained 2nd inspectei often. In 
res ong run, Operating costs and nzliatenance costs far 


a 


exceed the acquisition costs. The helicopter is designed 
m 


2 
around a complex mechanism of interrelated dynanic compc- 
Beges, Some working in harcnuony, and sthers in opposition to 
each other. These components must m22t high tolerances for 
speed, temperatures, ani durability. As helicopter tech- 
nolegy advances with industry demand, mnor2 efficient 


components will be develoo:2d. 
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jmeOrrunately £Or the 0.5. helicopter industry, an envi- 
Beegm@onctal noise regulation that is b3aing drafted by the FAA 
could hirder future growth and sales in this market. New 

regulations desiqed to limit helisopte2r noises ara being 

considered. The industry feels that noise requl W 
slow helicopter growth. The industry is working wit 
FAA to identify methods t> record hslisopter noises 
establish noise limits that do not jaapordize ¢ 


helicopter sales. The next chapter will intro 


{lu 

fs bs + 
Q 
iD 


Current position on noise abatement, and the 


position towards these issues. 


le 





IIT. NOISE ABATEMENT IN THE ALRCRAPT INDUSTRY 


A. FAA REGULATION OF THE AIRCRAFT IVYDUSTRY ON NOISE 
ABATEMENT 


In 1968, the FAA was firsz= charged by public law number 
90-411 (Later in 1972 with public law number 95-574) to 
regulate aircraft design and equipment for noiss reduction 
PuUEBroses. This was known 2s the Noises Comtrol Act of 1972, 
praecthe FAA prescribed staadazrds for the measurement, 
@emerOol, end abatement of aarcr2ft noise. In essence, the 


Mandate by Congress +o the FAA was d2siqned to promote? an 


ie 
environment that would be free of noise that jespardized the 
Meadlcth and welfare of citizens. 

mMomestablish acclrate Sriteria a2d noise levals for ths 
Beeeecrtat* industry at that time, ths FAA worked in close 
memmecc On With the Secretary 3£ Iraisportation and the 
Environmental Protection Agency. Tfh2ir object was to ensure 
that regulations placed on the industry would b 
Pmeemermpea nable. [Tt 1S impottant to aote that durin 
Mey t2me period, 1968-72, Congressional direc Repo) 
Primarily on the larger ani more noisy fixed-wing aircr 
Memee le ectention was paid to the helicopter industry and its 
noise generating problems, mainly betause helicopters we 
largely being operated in areas away from urban development. 

Mae PAR) Tirst set about to daveiop an acoustical tech- 


Merogy that could be used to measut> aircraft nasise during 


Qu 


different flight regimes. This measired data then had to bs 
quantified and determinations mad2 32s to what types of 

hoises were dangerous, fron what arsas of the aircraft were 
the noises generated, and the expected cests associated with 


meemicaindg the noise levels. The aircraft industry was very 
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Merge at that time, and ths FAA, NASA, and industry engi- 
neers spent more than $200 million <5 improve th2 nsise 
characteristics of commertial and private aircrafé. 
Interestingly, over 50% of this amouat was subsidized by the 
U.S. government for the iniustry's r2search and develcpment 
efforts {Ref. 2: 6-1]. Ths research required ts find and 
implement more effective asise control technology was 
extremely expensive. Unlike the rotary wing inliustry, wher: 
noises are generated through a number of aircraft conpo- 
nents, the noises generat2i from fix2] wing aircraft wers 
primarily generated fron their powerful jet engines. 
Developing technology that would surpress engine noises 
feem]e wWOUld bring Eixed wing aircraft within FAA prescribed 
limits. 

In contrast to fixed wing res¢arsth and development 
m@mmasng, funding fer helicopter nols2 reduction technol 
Meemepescn extremely small [Ref. 2: 5-2]. This is inconsis- 
tent with the helicopter's complex noise preblen and wa 
overlooked for years partly becaus2 there were nad exp 5 
helicopter acoustic technology. Thes2 shortconings left zhes 
Gnidustry :11l prepared f9r ioise abatemen*= ruies as in 
@mecne commercial airlines and the private ind 
meeerourac that regulating aelizoptar asises w 
more complex. As will be explained Later, the F 
cooter manufacturers set anpout to work together to ¢é 
noise rules that were, for helicopter nanufacturers, eccnon- 
ically reasonable and technologically practicable. 

Mena LTegulatory agency, the FAA had insurficient Gata to 
establish guidelines for helicopter asoise abatenent ru 
In 1975, the FAA proceeisi with the isvelopment of noise 
certification requlations. During the next four year 
FAA and the helicopter iniustry held 2 series of eleven 
meetings. In these mestiags, zach sides tried ta learn th 


©mrners' concerns and arciv2e at som]e autual resolution. The 


Z 





meetings were also design2ei to improve the FAA's data base 
@peheiscopter noise. Unfoctunately, the information that 
Was generated from these aneeting was of limited value in 
establishing a set of standards becaise of each manufactur- 
er's varying techniques o£ data accunulation and 

Serre iation. 

In 1978, the FAA entered a rulemaking cycl2 which culmi- 
nated in 1979 with its propgosei helicopter noises 
Seeerticetion standards, antitled: Notice of Proposed Sule 
Making (NPRM) number 79-13. The indistry immediately ser 
about tc evaluate the prcoposals. In January of 1980, che 
helicopter industry responied with 2 jietaile 
Suamary cf the economic ani developnental im 
HeaM. in effect, the industry zcepli2i th 
Maetons as setforth in NPRY 79-13 wera hi 
and, if the proposed rules were to b2 ant 
require manufacturers t> invest heavily i 
technology. 

HeOon January 1980 until the fall of that year, the FAA 

u 


meemenoc 2espond to the industry's claims. In 28 attempt +9 
Beng tne FAA clcSer to tha industry's needs, the ICAO 
memm@ettee OF Aircraft Nois2=, Working Sroup B, (ZTAN/WG/8) 
hat nopefuily 
S 


recommenced to the PAA 2 sat of proodsals ¢t 
would bring closer together tha requirement 


the technological skills and deasires of the i 


Of fone FAA with 
re. 
CAN/WG/B also recommended that th2 FAA delay in 


Posey se Las 
p 

of the rule until more data couid b2 accumulated and 

evaluatec. 

The CAN/WG/B's recommendations proposed to the FAA did 
Op2n a negotiating door between industry and government. I+ 
was now clear to industry, comprised of the thirteen major 
helicopter and engine manufacturers, that they should 
atcempt to provide more complet?S e20nomic data 32 just how 


severely the helicopter iniustry would be affected by noise 
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Tules imposed by the FAA. The FAA i12 turn wanted as 
complete a stuiy as possible for prooer rule making. This 
thesis will evaluate che 2so0nomic stost considerations 
azifecting one manufacturer, Sikorsky, 2nd the production of 
mes Medium Sized, commerci3al helicopter, the S-76. In this 
meeont, COSt constraints £5 manufacturers and operators cof 
+h2 S-76 will be evaluated und2r coniitions of nsdise 
Beguilations. 

The S-76 is Sikorsky's newest helicopter for the commer- 
Gial and industrial markets. [t is 2 highly conpetitive and 
Bowenced helicopter, designed for operation well intc the 
21st century. If the FAA imposes strist nois? requirements 
on the helicopter industry, Sikorsky will be fased 
Major redesign problems ani expensiv2 retooling co 
an attempt to estimate the costs t) Sikorsky with its 


Pesauction or the $-76, ani ths effasts these cost 


a W 
t 
“I = 
OV 


have on market sales, a careful analysis of major 
feeeacat. COMpOonents and t4237 sosts vill be made. A re2la- 
tionship exists between aicc ent weignt and 


n 
Seno nso wet] be studied 
al 


Ie 
MPempieece uring costs, and cais rel 
Bewestimete what additionai costs woild be incurred by 
SemOrsky if forced to red2sign thea $~-75. 


Bem oOURCES OF HELICOPTER NOISE 


As mentionsd earlier, he 
considerably more compl2x th 
i= anteractions of various noise 
nolse abatement rules difficult ¢t 
niike a conventional airolane thar droduces noise through 
its power plants, the helistopter gan2races ton2l signatures 
m areas other than its angines. Areas of tha helicopter 


eae, 
that are major producers of nois 
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eee ihe Matn Rotor. Ph main ro 
SemescOn=LapUcoOrs ts heizcop 
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BOeOn= depo ia my sUrkacss, and produce a periodic 
ane bandom Exapping and slapping noise as blades 
compensate for variations in 1324s and strcess23s. 
Design features are low being tested to decreases this 
POLocee sue n aoe beutllei ng GOLOE fPadiz, sexpaading she 
pLcades MChOrad, mehsngung the munbe= of biades, altering 
blade Seda design, and varying ctotor speeds. These 
modifications “involve long Serisds of development, 
since imprcvements nust_ be avaluated against heli- 
COpesce pertronmanmes 27d lite cycle costing. 
meee The Tail Roto LueG2 ech Mata F52or Of Conventionally 
styled helicopters, He fa. Eco rs are Supstantial 
generators of noise, but of a iifferent pitch ana 
@uality. The tail fotor rotatss much faster than the 
fen EQt)ES, PrEoaguclag a higuse and rarrower band of 
eee: The tail POU meiccebaces swleh disturbed 
BerOws £DOUee tomate toc, hUGener disturbing and. 
iS eeeagiine thewdense1tlon Of Gozse. The tail rotor is 
connected to thé nain transmission through a series of 
gears and reduction 2ssembiies Cee iO US =) fay igh 
pitched, whinning Eos 0 Pues Me 
See Transmissicn Area. delicopters LDEOE OPAL various 
gear box2S and transnission systems that direct power 
Beom cae engines to the rotor blades. These transmis- 
Sicn systems have th23ir own oats LAGOS erat... 
produce different harmonics, iS wemey Os 3 ery he Ga 
p> itch. These high pitch tones are Sxtremsly damaging 
Fo unprotected Sal Sy especially to people who operates 
OuUnd Ne iteoptet= for extended periods of time 
without protection iavices. 
4. Power Plants. The tirbine engines used on today's 
heii SOS Na Ee re Various toOnupressor tones and 
exhus NOLSES, | ace Joie ee werfal the ¢rgine, the 
noi ser the hel opter D2. Surpressing S100) 3b ale: 
AO.Se alone Sa Via as ate only one area of helicooter 
noise. AS can be sean, there is an intercelaticnship 
Seta nvyecOMPonscnts, dyweniteally ih oppesition to each 
manoe pend Obeaet lng @receciss)] colerancss. fhe 
paoblen of qui Sang Melg@eOOrSee HOases 1S technically a 
Weey GLirEficuie one 
These noises have b22¢2 a major consideration to the 
helicopter industry, primarily as helicopters begin commuter 


Pemeveces cO urban areas. By nature, the helicooater is a low 
fiyer and therefore closer to the aujible range of people. 
Heliporces have traditionally been located clicser to downtown 
areas and closer to where people liv= and conduct business. 
Meemccredceotf, paradoxically, is that the helicooter is 
Mijeeebicng a more efficient service by bringing commuters 
closer te business centers, while at the same time, annoying 


those people who have to work nearby. 
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Through comparative test st as, Dean found =1a* 


u h 
the noise footprint of a halicop WELSo “approacn, 
landing, takeoff and departure, i ide 


than that of most airplanes. Helico 


5 

Sonsiderably lass intense 
Deere neOise is-dameabked to 
2 


a smaller region than that of an airoslane, for two primary 
reasons. BEG, ene Melicopter 1s snalle= than the Targe= 
icplanes and secondly, a helicopter's approach and depar- 
ture flight path is stespar [Ref. 3: [V¥-15]. 
Helicopter noise signatures ara tomparable +9 other loud 
noises generated through normal everyday traffic foun 
metropolitan cities. So duaji levels ar2 measured in de 
relative +o a Sound pressure lavel that is being used as 32 
reference. The annoyance 2f a sound 1s caused by the 


u 
Beessure and tonal qualitias, iuration, and rapidity. The 
O 


ear is considerably mor2 sensitive t> sounds centered arouni 
a frequency of 1000 cycles per seconi than sounds of 2quiva- 


lent pressures but of a Lower frequ2acy. Tonal qualities 
@ieO alrect sound annoyanst2, iike the whinning of pure tones 
ope ed <€rOm tail rotors. A wide baidi of noise of 2quiv 
lent pressure centered 2rdand a pure tone may not be 
uncomfortable. What is unzomrortabls and annoying is the 
duration of th2 noise and the rapid cise in sound pressures 
instead of gradual rises. 

One cf the areas of grzatest contern for tna FAA and tha 
helicopter industry was agreéing upon a standari for hel:i- 
copter noise measurement. For vehicl2 noise emission, an 
Effective Perceived Noise (EPNGB) was used. It provided a 
measure of certain characteristics of noise, namely the 
presence of tones and duration. A major drawpack to using 
EPNdEP aS a measurement, was that EPNIB instruments are 
extremely expensive, costing upwards £25 $5000. A cheaper 
alternative, but less azscurate, was 2 noise Llavel measuring 
scaie that corrects noise levels for daytime/night*timne nois: 


events (LDn). The LDn scale is mors 2nvironmentally 





Briented, and takes noises that are snitted, and corrects 
them for 1) the number of noises ani 2) the tines the 
Merses occurred [Ref. 2: 1-1]. 

Despite the high cost of measuring noise using BPNdB 
criteria, the FAA and the helicoptar industry selected this 
measurement as their standard for asise review. The LDn was 
selected as an environmental respons2 standard, a derivative 
or dB(A) meaSurements usei by commanities for nany years to 
measure vehicular noises. Consequantiy, a mix of two 
measuring standards will 53 used by the FAA when they 
conduct their noise testing and evaluation on helicopter 

Quantifying roises by the usé of slectronis data gath- 
meerg machines is the ssisatific and more technical 
approach. The subjective approach t> neasuring noise and 
amnoyances is not easy to quantify, but the subjective 
attributes cannot be ovarlodoked when considering nois2 stan- 


dards. Examples of subjective atzribu*es are: 


Meeeniow do people feel about the necessity and/or preven=- 
es ine of noises? People may feel hostile if their 
concerns f£0r nois2 abaténent are being ignored. 

2. Are people aware of the importance and value of heli- 
Spee = @eniviey, Debt. Culleariy ss helicoptsrs oOec=sriorm 
public services related to saving lives? As the 

ublic becomes more aware of hslicopter importance, 
this fact could relisve the aporahension 2pdout hel:- 
copter noise. 

Mure dctiviry epd/or tame of day chet an individual 
ears a nOiSe iS 2155 imporzant. an individual is 
more easily disturb2i or annoy2i 22 the n3ise is 
Meonerated at Eight, oF during 2scriods outside of 
normal daily routines. 

Meee rnere 2S a strong aporehansidn associated with heli- 
Gopter noise. Many people ara fearful of helicopter 
noises because helicopters fly lower t3 the ground ana 

reduce sounds unlike other vihicles. Helicopters 
Bie oe COerdsecOC ae eteNicHe Seals and Tescus Sarvices, 
and this causes anxiety and fear among civilians. 
@Mhe flight profiles the FAA and the indus<rcy used <to 
measure helicopter noises were regulir helicopter flight 
regimes. Testing was coniacted duciag + OS, sry OVETE, 


ake 
Meemeappzroach sequences, ani analys2i according to aircraft 





Seaeagori:es. There are six helicoptec classifications, based 
primarily on séating capasity, number, type and horsepower 
Of engines used, and acquisition costs. The six classifica- 


monspate: 


memegory 1. 2%+0905 seats; 150 to 3)) hp; piston single 


engine 


mamegory 2. 5 to 7 seats; 350 to 55) hp; turbin=s single 
engine (light) 


Maeegory 3. 6 +0 14 seats; 800 to 3390 hp; turbine single 


engine (heavy) 


Meeegory 4. 6 to 14 seats; 80) to 1300 hp; turbine twin 


eagere (ight) 


Meeegory 5. 15 => 28 seats; 2500 ts 3200 hp; turbine <win 


engine (mediun) 


Category 6. more than 40 seats; more than 400) hp; curbine 
twin engine (heavy) 

M@eenen ~hese Six catajories faii 2ll ci 
Mee The S-76 helicopter is 2 catajyory four aircratit, with 
@ S@€ating capacity of faurteen peop - 
engines. The flight profiles neasur22i by = 
m@ee@oracd from three microoshones, iocated on lev3i ground in 
a straight line and arranyed perpendicular to the flight 
path. The distance between each microphone is 150 netéers, 
and the helicopters are flown over the center aicrophone 
Mimeng Gach of the requirei flight profiles. [hs noisa 
generated by the helicoptars is pick2di up by ae micro- 
phones, and processed electronically to provids 2 noise 
level in EPNGB and dB(A). The data is then graphed by 
srequency and amplitude against time, and corrected to 
Meret OUt other noises of deviations from non-€light 


Telated interferences. This recording techniques has been 
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determined by the FAA and the industry to be the best anéd 
most accurate method for recording helicopters iuring the 


three flight regimes. 


Cw. ERTP REGULATIONS 


The helicopter industry resegnizes that the FAA is 
@aarged by Congress to regulates helicopter noiss. In 
carrying out this mandate, the FAA is limited ts a degree in 
design and implementation of ragulations because they are 
Peguired to consider 1) all relevant data 2) ascertain that 
the proposals are economitally reasonable and t2chn ml 
@aly practicable and 3) iaclude the public in rulemaking 
activities (Ref. 2: 2-1]. The helicosoter industry is trying 
memprotect itsslft by supplying as nuch pertinent economic 
Pmemcechnological data to the FAA to justify its position 
that helicopter technology is already at a very high state 
Of development. Ti strict noise abatement regulations ara 
to be imposed, the st <> manufacturers to redesign and 
Beoauce guierter helicopters would b= restrictive. In 
response to the FAA, the Ladustry has voroposed najor recen- 
mendations that the FAA review pefore it drafts noise rules. 

The industry has recommend2d that the FAA 235tablish aa 
Meeetam iimit that is thrs2 EPNIB above <he limits aiready 
proposed. This new limit would be phased in over a t3n year 
tine period for new production, new design, and derivative 
Pemeeratt. The industry has also pr209sed that certain 
aircraft be excluded from aoise rules, such as helicopter 
employed in agriculture, fire fightiag, external load 
Ccartying operations, and ramote area »Xperations (Ref. 2: 
Seumieee The industry feels that aircraft used in these capac- 
lties take them cutside populated areas where noises would 
be an annoyance. Helicopters involved in *hese missions are 


usuaaily more powerful and thus mor2 noisy. Imposing noise 
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ruies on these heliccpters weuld not only be impractical, 
See could impose an additidnal cost t> operators ¢t 
Peeciude them frem using h2licopter services. 

These recommendations by the industry were tonsidered 
essential if helicopter production aad technology were to 
keep pace with ccmmercial jemand. Tonsequently, économi- 
cally reasonable and tecshadlogically practicable became a 
standard of measurement that had to b2 deéevelop2a and applied 
to all helicopters affect2i by a noise rule. A projection 
or cover $2.2 billion in helicopter d2nand has b2¢en fore- 
casted by the industry by the year 2)09, and an improper or 
premature reguiatory rcuie could have devastating artects on 
the market. 

Memy helicopters now in oroduction do not mtezt the FAA's 
proposed regulations. Terthnologically, tomorrow's helicop- 
ters wili be designed arsuid faster soceds and neavier 
payloads. NPRM 79-13 does not allow for acoustic growth as 
helicopter speeds increas:. A rul2 that does not compensates 
Tor faster speeds or incrzasés in gross weighz= could impact 
PieuLe growth. 

ese phrase, "Economically Reasonzble and Teshnologically 
Practicable" must be carefally interoreted and satisfactory 
for €ach party béfore any noise regulation can 53 meéan- 
angjgfui. If there is disajyreement mn the interpretation as 
Set fortn by the FAA, then there will be continuing disa- 
qrsement on behalz of the industry. 

Mae industry feels that a cegulation that satisfies ERTP 
shouid establish a nois® limit for future, newly designed 
aicframes. These noise levels shouli be based 32 


= come not 


W 
d 
commercially successful moijiels, ani it the sam 
u 


penalize manufacturers for uncartainties in future d 
Meee gulation that satisfies ERITP should not iimit marufac- 
turers from developing nors productiv2 models for <«h 


future. 


as 





The dirficulty in establishing these requiréeme 
that sufficient economic and technizt32l analyses h 
been performed. Noise levels of current generation helicop- 
ters first have to be conductédi befors ERTP requirements can 
be defined. Once analyses on current helicopters have been 
completed, the information will help 2stablish guidelines 

from which all helicopters may be evaluated. Regulations 


that are based on incomplete or insufficient data run high 


$2) 


meek Of GOing economic hacn to the iidustry. 

The term derivative helicopter has been mentioned previ- 
ously, and shouid be more accurately defined. Derivative 
modéis are those that are jiéeveloped using commor technology 
Peeeeaes-gns Of prior, usually highly successful nodels 
Derivatives are desigqnatei by alphabatical nomenclature, 
such as model H~1E, H-1L, 2nd H~1N. The fCusth!erc down the 
alphabet, the more current the model. The ERTP recommenda- 


#i9ns mentioned above rel2te to current helicopters only. 


The industry feels that naw designs and derivative helicop- 
ters must also have ERTP analyses. ff current ERTP 

reguiaticons set noise limits so low as to "absorb ail of the 
Mmemeianpie technology", naryafacturers face a difficult situa- 


eon in planning fcr derivative moisls. 

There is a necessity anong «the helicopter nanufacturers 
to be able to accurately preditt the noise levels of new 
design and derivative cites. If a régqulation noise 
Hanst is sat too low, while at the sane time tacshnoicgy for 
noise improvement has not been found, helicopter nanufac- 
turers will have an extremaly difficult time neating 
eee tace~10r standards foc their new production models. As 
memes, new designs and derivative aircraft production 
Memes heve to be delayed uitil acoustic technology can catch 
up to the standards as setforth by tae rules. [+t is very 
important that noise rulés be estadlished that are compa- 


eepee With 1) the accuracy of helicopter acoustic design, 


oo 





Byeuncertainties foumd in sertification testing, and 3) a 
growth in allowable roise fer derivative helicopters. 

Figure 2.1 graphicaliy represents the FAA's proposed 
Memeeniinits for helicopters, plott2i against helicopter 
Meoss weight. The chart #as taken from the Helicopter 
Manufacturer's Economic Iapact Assessment of FAA Proposed 
Helicopter Certification Noise Rules, (NPRM 79-13) cf 
December, 1980. The limit lines establish a benchmark fron 
which variations in helicopter noises can be measured. The 
Mme s are constant at 85, 86, and 87 EPNdB for helicopters 
with gross weights below 1764 pounds. The limits are also 
Bemstant at 105, 106, and 107 EPNGB fdr gross weights above 
fve,400 pounds. The limits were joined by a strai 
variation when plotted against gross weight on 3 
scale [Ref. 2: 8.1-1 ]. 

The FAA has proposed that a helistopter may have a 


recorded noise level tha= excesds on2 cr even tw 


WO 
O 
ih 
| 
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benchmarks limits and still pass. However, the noise level 
Memeany Single flight condition may noz exceed a limit by 
Meee than two iB. Additionally, the FAA has stated that «he 


mon NOlse levels for any two conditions by 2 helicopter 
Beomot be more than thrze 1B greater than its limit. 
Overall, the average of the noise léeveis for the three 


Peeont conditions must be zqual to of below the averagse of 


the limits as established in the FAA's formula in Figure 
2-1. The noise limits foc the S$-76 aircraft have been 
Bemouced using the FAA's formula and 3 gress weight of 
ioes0O0 pounds. As can b2 seen, the 1dise levels for 

three rlight regimes fall zalong the FAA's straight line for 
noise limits. 

Helicopter derivatives generally increase in noises with 
increases in gross weight. NPRM 79-13 alicws for a three dB 
Growth per doubling of gross weight, which is con 
less than the acoustic signatures resorded by the h 
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industry in recent testing. AS gross weight doubled on scone 
d 


mciels whose noise was equal to the Limit 
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tures increasei by as much as ten iB. The F 
its three dB growth margin uSing aircrrarit weight as the 
major parameter, when in actuality, asiicopter noise tends 
tc follow disc loading ani rotor dianater size “Ref. 2: 
8.2-2]. Rarely are helicopters designed by differenz manu- 
facturers with the same diameter or iisc loading. The 
midwetry’s position is that test data cannot be accurately 
measured in increments 2f 9ne 1B. [T4323 industry has récon- 
mended that flight regimes be separsat2i by a four and not 
Ome, GB Width. From testiag already conpleted on eight of 
twenty-five helicopters, (that marginally met only ons or 
muemeriight profiles) it is speculatel that a majority of ths 
helicopters will be above the Limit for one or nore condi- 
tisns. Sikorsky has predicted that if restrictive noise 
mabes alte imposed without nodifications for derivative 
fen, CNC billion dollars in revenue from the S$-76 ~wiili 5a 
Mest tO chat company alons over 42 t2a ye 
meey-1990. Devicted in Tanolée I are thea 


acoustic reguiation on the new design 


(D 


he 
Beeeenst iost revenues during this pariod. Th: 
d 


‘CO f+ 
cy 


displays cost and revenue lata obtain: 
companies and represents their best estima O 
lost revenues from helicopter sales, if the FAA's noise 
Pees GO ints effect in 1935. Lost revenue fron Sales of 
the S-76 helicopter are estimated 3¢ 5 
ten year period [Ref. 2: 8.1-10j. 11 


uatge revenues loss will be distuss2d. 


Be One Ee ng ess 


oe ae 


hapter Ifi, this 


To date, there is pn» oredictiv=e analysis within reason- 
Peeemaccuracy for new aircraft designs to be ERITP. The 
Greater the uncertainty a helicopter nanufactureér 
noise abatement regulations on new or derivative aodels, «he 


Memes riexible he has to be with his ifsigqns. [If strict 
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noise regulations are imposed, designs for new helicopters 
K 


May require 2 technology 9f suth advanced state as 


4 
2) 
Sj 
fy 


production of the helicopter too expansive or iapossibie 
(Ref. 4: 33]. 

me xndusty has summarized its position for a valid ERIP 
emalysis of the FAA's NOR4 79-13. In brief, the summary 
requested that there be noise neasur2naents estadlisned on 
current helicopters. It also requested that thare be a 
predictive capability availabie to tas industry, with an 
accuracy consistent with the limits 2s set forth by the FAA. 

As cf this writing, «hase requiranaents have no« been 


Mec. Or twenty~five U.S. sommercia: helicopters afi 


Sd 


th 
(D 
QD 
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only eight had fully complied with FAA measurement stan- 
Meds. Data for the reneiraing helicspters has been 
M@ecreaci.ent or nonexistant. The itadustry feels that all 
meecrart from this group should be thoroughl o) 


noise rules are imposed on the industry. 
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The second requirement had not been met due to the inac- 


Oileecy Of current predictive mnethois. This mears th 
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better design technology will be nasiesd = 
ties in anaylses and *«estings. Any uncertainties in designs 
Wwili delay the introductiod1 of new h2iicopters u 
cooter technology catches up with design requ 
As can be seen, noise sontrol for helicopters is in a 
e 


developmental state. Research to guiet helicopt 


mm os fw 


¢ 


been aS intensively supported dy the government 2S it was in 
memoe CcLtro! for the fixai wing indistry. The helicopter 
Meise try 1S not prepared as of this writing to nzet the 
eeeect NOLSse limits that are proposed, without significant 
Sconomic reevaluation and/or breakthroughs in helicopter 
aerodynamics. 

In the following chapt2r, an economic analysis to deter- 
Mine cost estimates to the industry with noise regulations 


has been prepared. The chapter illustrates costs to 
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helicopter manufacturers if expensiv> redesigns hav 
Mpuctciatea tO meet noise rezjulations. The chapter also 


stidies what effects operating costs and price cha 
ie 


4 
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have on the demand faced by ths helisopter indus 


Approach 
Takeo ff 


10,000 100,000 500.000 
Gross Weight, Lbs 


users. 
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1,000 10,000 100,000 
Gross Weight, (Kq) 
Formula used by the FAA to calculate noise limits. 


176 , 370 


105 10log,, gr. wt 


S-76 aircraft tested at a gross weight of 10,300 lbs. 


mame OF LIMIT APPROACH LIMIT FLYOVER LIMIT 
oo. 94.7 2257 


Figure 2.1 Formula Used by the FAA to Calculate Noise Limits. 
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PABLE I 


Economic Impact of Failur2 to Pass Production Noise Rules 


1981 - 1990 

COMPANY MODELS POTENTIAL LOST REVENUE 
Aerospatiale Sees NO Soa, $300M 

BESN 332 
Agusta A-109 500M 
Bell 2067 200h, 209,212 5 400M 

ae yeoee , (2452 last 
Boeing 234LR, 234UT, 107 343M 
MBB HOS. Ly 100M 
Sikorsky S- 76 1000M 
Westland WG-30 530M 


HELICOPTER MANUFACTURERS’ ECONOMIC IMPACT ASSESSMENT OF FAA PROPOSED 
CER VPP tT CATLON NOISE. (RULES NPRM 719<=13 
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III. ECONCMIC EVALUATION JF THE HELICOPTER INDUSTRY UNDER 


A. COST ESTIMATING RELATIONSHIPS 


As mentioned earlier, the S-76 was selected as a model 
aircraft because or its aivanced technological dasign and 
Mepuier:ty as an offshore sil company transport and corpo- 
rate helicopter. To bettac understaid what chailenges ths 
industry faces with noise abatement cules, a@ more thorcuch 
Memerstanding of the costs invdived in designing, produciag, 
and operating a helicopter is need2i. 

The helicopter cost ani weight data generatad for this 
report was collected from a number of different sources. 
Weight deta for the S-76 was collected from the Sikorsky 
Memraoote: Plans in Stratford, Connerticut. Cost estimating 
Bebecicnshios (CERsS), w2r2 taken fron Science Apolicaticns, 


[tee, 2 Drivate contracting firm bas2d in Los Angeles, and 


1978. Using helicopter systems weigh 
tity as independent variables, nelico 
the manufacturer can be estimated. 
Mecitate COSt data £rom Sikorsky could not be obtazned, 
du2 to the propristary nature of the data. This drawback 
iinits the study to a deqr2e. Attamots have been made to 
COmpensate for factors influenting nanufacturing costs. 
Mmese Lactors include: 1) an accurate production quanticy 
memo 76 aircraft manufactured by Sikorsky, 2) an inflation 
iniex to adjust prices in 1982 dollars, 3) the amortization 
of research and development costs, 3231 4) the acceptance of 
Mesearnang curve" improvemezits in production to help reduce 


Meees | REL. 53 3-8]. Leariing curve theory states that as 





mee quantity of items proijuced incr2i:ses, the costs assoc 
@e2o With the preduction i2creases. 

For analysis, the S-75 was broken down into twelve 
subsystems as described by Dr. Michael Beltramo in his 
Mescarch for NASA, "Parametric Stuiy of Helicopter Aircraft 
Systems Cests and Weights". These twelve areas were 
Seiected for commonality 2f aircrart function and correspond 
closely to the standard weight groups as definsi in Military 
Standard 1374. The twelv2 catagories, cheir weights, 
Memouction guantity, cost formulas, and an index to adjust 
Dr. Beltramo's 1978 cests into 1982 tosts, are listed in 
Table II. A brist description of the twelve subsystems is 
listed below, and an explanation of how Dr. Beltramo derived 
fes COSt @€Stlmating equations is found in Appendix A, 


Bece7on A. 


ime Me-n Rotors and Heai Assembly. The main rotors are 
SempOsed, Of BOUT =2tantm Spars, Gack with 2 thiniy 
Swept, tapered tip £5 reduces stress and adise. Ths 
head assembly 1S 4 Ine piece aluminum hub with elas- 
mollemenec Dearings. Bifiiar vibration absorbers <o 
dampen blade forces and spinil= izssembliss join the 
bee eS => ene head, 2nd ate insluded in this weight. 

e. 2 No adios a The tail Eee @es «Vall are smaller in_size 
fie The Mezn LCOtSrs, but basicaliy include Ssim*iar 
components. 

fee rFusclage. The fuselige is the shell structure that 
2neludes doors and window framas, decking, bulkheads 
and windscreens. 

eee Lending Gear. The 5-76 uses 3 retractahis landing 
ee 2 te WoC ya sreulicsitvy act uamcd. i The ; 

amend Geass sSeructure is composed of Struts, side and 
dreg braces, wheels, brakes, and zhe retraction 
system. 

See fhe propulsion systen. The prdpulsion system cf the 
S75 8S divided ints twe catagories. The first cata- 
gory 1S the two enjlines that sapply tne power for the 
aizcraft. These ars Allison 250-C30's, that are elec- 
Peacelly Started fron a battery, and Sue a Singla 
Stage, centrifugal tompressor Section. ALL. mounts anil 
Ss -OClatead BarGdwWwarke 25S included in this weight. The 
Second c2tagory is the transmission and gear box 
assemblies. The naia gear box connects the two 
ml bO-Shalet 6rg2nes £O the maia rotor, che intermed- 
Maewe, send tatl Frotor geer boxes, plus ail connecting 


drive shafts. 


me Flight Controls. Th 
mielude ali control 





neo (Servos. Indo mmc ludes tia Cyclic, scllective, 
are Frudd==: Dedel comtsols for a dual piloted ae oT ge 

Pee instruments. The instruments provide basis monitcring 
Silo wWarning Funct: ois. fOr Safe Geliccopter tlight and 
Sues SOG ee ous fae basic instrument See se Cle a cue 

includes cockpit Pid Coro oratovarting Logins, 
ali associated “black boxes" for electronics signals, 
and monitoring devizes for a AWedeOeeOeed ~2rCuat=. 
This weight does oot include iastruments for flight 
SondesiOns AUuring Instrument Metsorologicsal 
Sora cions, (IMC), which 2s opclonmal equioment. 

Beery acraulics., Hydraulic SS 2ms.on a helisopter are 
used primarily t9 power ele ues controls and 
landing gear, and 92 Some modsls, cargo winches. The 
system includes pumps eS ae accuiulators, 
filters, valves, naaifolis pi miscellaneous Seo: 
Baueptent. The S=7> uses §ual Dae WD, 2a eaca 
hycraulic systems, powered fron pumps frivan by the 
main gear box. 

Pee Glectrical. The 2lestrical syst2n ee power to 
the various instruments and icfj ecw ei sn che S- 76. 
The basic S-76 requices DC powar only, that can 
Meme! Stet ven aNd Jeuerator power. The S-76 has 
dual engine mounted 200 2mpere Starter genarators, 
each being Gavcple See powes 1et1 2quxpnon. should 
one engine fail. A seventeen amperé-houc phe) oe 
cadmium battery 15 also standafc equipment. There is 
elsQ a Connection on the helicop*¢r for external DC 
power. 

[meee AVionics. This subsystem 15, 9n2 of the nose techni- 

cally advanced systens found ia the aircr2ft touaay. 
Consequers ty, MOSt AViON2cCSs 4fs ceeated 25 optional 
Gquzpment. Depeniiag on MLSS1IN Lequitremsats and 
eeegle/ dla PiuCtsa 225Clare, aVlLonics equipment can 
become Seeue ft expansive. fas basic avionics 
Heckage am cie 5-76 i1neludes 11struments fot heading 
Memerence and aircraft attituags. The avionics packaeg= 
used Pree ooselly Included Ol1S VHF =rensceaver wit 
antenna aaa GOCKDLE/Cabih iht encom System. No nevi- 
Geel Onal eCquapment was tnecludei in the weight of the 
avionics subsystem. 

fees Furnishings and squipment. Lik2 the avionics package 
designed POM OPeLe°of Prat srenses, ]2Xtta furnishinces 
and €quipment Can brome extranely expensive. Basic 
rurnishings aidwejuloment, include Seat covers, tugs, 

<robe lignts, miscellaneous aztcessories such as 
ent rave) and other incidentals that compisate the 
aircraft empty weight of 5703 2ounds. 

eee ovsce assembly. Inhouse assembly inclauies ail | 
labor by che manufacturer reguired to pring the najor 
components Oe ene toe cCObGer 8 HES a. Lincshsd produc<. 
imeem cindes fOc Only installation and cheskout but 


malaty control. 
The twelve subsystems sover all 
AtdLc2Ona tly, 


GoOpt sr 


Sumcontracted costs. 


applied to any heli ETE Sle 
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en 


Weight and production dat: 
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meses tO Sikorsky to produ 
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S715. 


Suueand PEOQUCts On sand 
shese formulas can be 
When PLL, SH 76 
*he 


combined 


they estimate 





IABLE Ii 


Cost Estimating Equations 





SYSTEM WE LIGHT EQUATION GOSTs (Ss) 
Main Rotor & Head 1009 C= -12,928+1lo01wo~-9 740 55,669 
Tail Rotors Li c= 1o2wo7 9749 5,287 
Fuselage 1531 C= Sate Ome 93,584 
Landing Gear 370 C= SU) 9,709 
Propulsion 5345 
a) power plant a72 C= -17,709+1219WQ _ 0740 131,285 
b) drive system oa2 C= 19,946+83W a T271907 
plaght Controls 245 C= iI ie aa Za7o ll 
Instruments G2 C= ewer 4,780 
Hydraulics 100 C= SIWOl soe: 576056 
Electrical 286 C= MEWOne * 25,330 
Avionics 74 C= sem oO swon ao ee a Ae. 
-.0896 
Furnishing & Equip 424 C= 69W9 vex re, lie 
Inhouse Assembly Ga o8 5325 
“ 5 
epee 
1 J 

j= (4,5a,7,10) 192,658 
Wecal Costs to Sikorsky TO, 20u 
Deflator Index to Adjust for 1982 Prices 1982 94.4 

O77 “62.2 > am Me 

Total Costs 1982 Dollars 1064-607 
W=weight 
Q=210 


Cost Equations Borrowed from Beltramo's Study 
page 3-2 





Bee HELICOPTER ILNDUSTRY'S COST ESTIMATES UNDER NOISE 
REGULATIONS 


Derivative helicopter jyrowth includés increases in gross 
weight to absorb new syst2ms and 2guipment, and to increase 
meeeoad and productivity. Normal growth in available heli- 
copter power allows for t23 growth in gross weight, while 
maintaining perfcrmance. AS operators of helicopters such 
as the S-76 become more confident in the airfran2, so too 
does Sikorsky in its desij2i. Derivatives can b2 oroduced 
fren little significant structural changes. If, however, 
Critical dynamic component systems have <9 be remodeisa 
Because cf the noise ruling, th2 2c9n omic impact and associ- 
ated risks shouldered by tie manufacturer and us? 
would be high. 


There are three major subsystems “hat are principal 
r 
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generators of noise in the helicopter. The 


ue 
1) the power plant, 2) th transmission and gear bo 
megesp che rotors. Normal derivativ>= growth has hist 


cally been based on production models that were p 
sellers. Derivatives arse zngineeradi fro 


passengers, and overall b2 more prodacti 


m 

B@ae Makes the aircreft fly faster, tarry more cargo/ 
Vv Me COtmenr saa lt 
V 


piaced on normal derivativs growth depri anucactunces 
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m 
SeOuUpOLTUNIt1ss to sustaia productive @eszgn ieee 
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Peet eGCOuP Orlgjinail R&D costs. Deri 
Mong DLCduction times and the ability of «he man 
realize a profit on his investment. New helicopter g 
cannot be launched without profits fr9m derivative ino 

Szkorsky is very concerned about the impact no 
would have on the sales of its new airframe. Tod 
S-76 helicopter, engine2rs can look at the three o 


of noise as areas for redesign and nodification. 


Sie, 





item Ge rst eahea, che Sigine, is technically 2 probien 
faced by the Al Lison Company, since they are producers of 
the power plants that drive the S-75. Engine noise <s 
primarily distributed around comprassor tones, combusted 
fu2l, and exhaust gases. Engines are designed to meet 
compresser and turbine speads that will produce the energy 
required +o power the siz? and weight of the aircraft. 
Derivative helicopters will be desigiead to fly faster and 
carry heavier loads, thus relying on engines that are 
stronger and more reliabla, but with as little additional 
engine weight as possible. To meet these new requirements, 
an uprating of existing engine performance will be neaded. 
MemeciOnal power estimatiosis vary f£r50 18-22.5%, which wouii 
increase engine shaft hors2power fron 650 to 796 shp. This 
increase, according to engine iesignj2rs, is beyond the 
fmemwohn potential and tecshadlogy now in production (Ref. 4: 
33 |. 


Newer and more quiet zngin2s will be requirei to driv 


(D 


new transmissions and gear boxes. Transmissions and g¢ar 
boxes wiil have to be modified =o accomodate the more 
powerfui engines. Sikorscy has estinated that changes in 
gear box ratios and drive systems would have +9 be uprated 
mea 9-11%, to stay within derivative growth and noise 
linits. Redesigning transmissions ani gear boxes would be 3a 
very ccstly undertaking, since sp¢cial tools ani castings 
would have to be redesigned as well. 
fee area generating ths graatest noise in halicopter 

is the helicopter's See Loepeduce blade 

iap and flap, engineers have suaqg2es:2d several alterna- 
tives. One alternative is +o A322 rotor speed. IF the 
rotor speed is to be decrzaseéd withoit decreasing rotor 

a 


efficiercy, there has to »32 Sorresponding increase in the 
lifting surface. This caa be accomplished by ssver2i 
aSeee te ubplade*s Chord. ..A 


meepodsc. One method is 2) incre 
56 


Seeond method would be to increase t22 number of blades. 





If engineers attack the noise problem by changing the 
member ci blades, this would require that a new mast, =otor 
nead and assembly, and control levers be designed. When the 
blade tip speed is reduced, new transmission and gear pox 
speeds are required. The interactioa of many dynamic compo- 
nents associated with helicopter flight wili eventually lead 
+o the redesigning of not one systen, hut several. 

The rotor system is unique in that the most iramatic 
technological changes haves, in recent years, taken place 
with this component. Sikorsky us23 a composites blade thar 
reluces maintenance costs and adds a substantial lire ¢xpec- 
meamey co <he blade, which is currently rated at 11,7590 
mepagnt hours. Each blais weighs 175 vounds and costs 
meecoximately $40,900 to Sikorsky t> produce. f5 reduce 
Meee through he addition of an extra blade, or fron 
MaecteaSing the blade's chocod, (+o accomodate slower tip 
Speeds without sacrificing performants) would involve wede- 


Signing several major and 2xpensive rtomponents. 


= 


5 
As can be seen, designing and nanufacturing helicofgter 
S 


components is 3 very expensive process and involves years 
for development and testiajy. Ines thes a 

formed into components 2nd producsi, tha costs invel 
Owning, operating, and naiataiaing s1ch uiDdMm 


afiected. 


C. OPERATING COSTS UNDER NPRM 79-13 


Operating costs vary consijerably with the type of oper- 
ation, the geographical ar2aa flown in, and the annuai hourly 
Beeeerar. utilization. These factors affect depreciation and 
insurance rates, as well 35 maintenaicsce costs and aircrew 
Salaries. Direct operating costs ar3 tangible and easily 
Meeordged. Indirect costs - or those costs associated with 


Operation of the business not jiirectly related t> operation 
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Mmpeeanc aircraft. - such as cent, utilities, traizing, admin- 
istrative services, manag2nent and dvarhead, generally range 
from 50-200 percent of iirect operating costs, depending on 
services provided and busiaess operations [Ref. 6: 1]. 

These expenses, plus profit, should be considered by a heli- 
copter operator when deternining helicopter costs, because 
Of their economic impact on business Operations. 

The cost items associated with a capital investment can 
be very broad and expensiv2. [In th? offshore oil explora- 
mean end driliing industry, maintaining aircraft is even 
more costly. 

For the sak2 of continuity, th2 3-76 will be used as an 
example aircraft for the following breakdown of an ope¢ra- 
memes COSts, When flying to the oil rigs, two pilots 
operate the $-76 as an additional neasure of safety. rew 
meets 2r.cluding fringe banefits, sould reach $30,000 per 
emer per pilot (Ref. 6: 2}. If the pil 
Der year, this equates to screw costs 
meus. Under NPRM 79-13, ther 


Peeot requiztement, and costs to the > 
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fected by noise ruies. 
muel consumpezen by th2 S-75 during normal cruise 
ions iS approximately 600 pounds per hour or 2ppro: 
Mmiecy U.S. gallons. J2at fuel is just apout as expen 
a... Gn eee atoll awo deat. 6 i.2) ‘Dar Galion, ch 
meet 5108.00 per hour in Euel costs. Other fueis and 
Mmmeeicants, such 2s hydraulic fivid, transmission, and 
box Oils, are usually estimated at s2ven percent of the 
Mmmee COStS. The total cost of fuel 2nd oii to dperate the 
S-76 per hour would be about $116. 
Mnsurance costs to operate offshore o21 he 
Services fluctuate with 2ictcraf aa>) 
mgewealled, pilot experisnco2, and hours fl 
= Ih a 


Masvrance on the 32ircraf 
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eeecent fiyaway price of the aircraft. Four percent 
Sikorsky's estimate for fuselage damage and liaoility 
coverage. A fully equipp2d S-76, with instruments and 
safety equipment for over water flights, costs approximazely 
p20 2,130 fReE. 6: 2}. Four percent of this figure equals 
$88,085 per year, and althsugh this figure would not be 
Memectiy changed due to NPRM 79-13, 2iccraft that did not 
mest NPRM 79-13 could not de certifisi by the FAA and there- 
fore insurabie. InsSuranc= rates would changes, however, on 
any modei that incorporated new engiaezering designs to guist 
the helicopter, thereby making the aiccraft mor2 expensive 
Meecrepiace or £2x if damaged. 

Meenmtenance of the airzraft is one of the nost expensive 
Ongoing operatince costs involved in helico 
Maintenance labor rates p2r aircraft are e 
mMarhours required per flight hour of s 
meshanic labor alone, exclusive of ovarh pes 1CCuRpULce oF 
am average cf $13.00 per hour, with four manhours per flight 
hour required for S$-76 oparation [Ref. 6: 3]. This equates 
memo 2z.00 for labor per flight hour. As with any new design 
Seeengireering change, neataanics must maintain their profi- 
Ciancy by learning new systems and maintenance techniques. 
There would be an additioaiil cost to the operators in 
training mechanicS cn any aew maintenance techniques that 
resulted from 2nqineeéring redesign. Such cos*=s would 
include a mechanic's time away from lirect aircraft mainte- 
Memes, lost flight times 12¢ t> long2r aircraft turnaround 
periods, additional purchases of . moOu Sc enn cal 
Manuals, or direct factory supervisidsn om pisake compa- 
hnizs could sustain levels where thsirc own meécnanics could 
handle she new techniques. The transition periosad zssociated 
With the introduction of a néw piece of equipment, or method 
Of maintaining a piece of 2quipment, would have a less 


Seotly impact on flight op2rations if the changes are 
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forseen and mechanics trained prior t9 actual aircfreme 
meaditications. 

The overhaul and/or raoslacsment times on the majer 
conponents (main, intermediate and tail rotor g2ar boxes, 
plus main retor head assémblies) and the hydraulic systems, 
ar2 based on an houriy useage rate from 1800 to 3000 flight 
hours, depending on aircr2ft system and component. AS part 
Meena Contract service fron Sikorsky, 2 parts exchange 
Poegram amortizes these costs at $59.99 per flight hour 
Meet. 6: 3). It would be very diffisul= to evaluate the 
cost of overhauling new eyulipment designed +o reduce noises, 
Mec t= a Safe asstmption that wita the introducticn of 
new equipment, inspections and overhaul time periods could 
be higher than normal. 

fhe Main and tail rotoc bliades would be the major ccompco- 
nents most likely affectei by nois2 cules. A set of main 
meade s costs 3164,000 t>) 22 operator, and $48,990 for tail 
rotor biades. These blades have a lif expectancy of 11,750 
meant hours, during which tims only minor rework is 
expected, such as replacen2nt af thea tin caps or l 
edge abrasion strips. These costs 25 
meemanottal cost of the blades, or 53.90 
given that the blade survives its axpsect 


E 
ment equipped aircraft, ar2 estinate per flight 


Pp 
cima 
Other aircraft parts and spares, computed f9 
a HO cis oni 7250 016, 
Hour. This additional amount is nesied to 
avionics *quipment, ciéeaniag f2es, r2paizr p 
necessary maintenance requirements. [Th 
ment and survival equipment in the $-75 is app 
$543,830, the difference between the selling prices 
me, 202,130 and the basic, off-the-production 1 
e008 ,300. 
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The overhaul period for €ngine performance is 1500 hours 
Of operation. Additional improvements by the Allison 
Conpany have led to increases in the hours between overhaul 
m1oas, trom 1500 to 350) hours. 12:5 will reduce opera- 
tors expenses for major engine overhauls, but the operator 
35 still faced with minodr overhauls and inspections at other 
intervals, such as inspections at 1750 hours of the turbine 
and exhaust areas. Fer operating expenses, overhaul costs 
that include parts and labor, are aporoximated by Allison at 
meeeoO per flight hour [R2f. 6:3 3). 

If the engine has to ba redesigned to meet noise limits 
or increases in power to drive new transmissions and drive 
systems, these modifications would hav2 a proportional 
increase in overhaul costs and tininjy. Even if new engines 
With an increased capacity in shaft i1orsevower 2f 18 zo 22.5 
percent added ten percent nore weighs to the engine, (a 
rough estimate from a NASA engineer) this would increase 
mmgeere (COS.S from 5181,285 to $366,275, according to Dr. 
Beltrame'ss cost equations. 

Meer s-76 15 @ VEry modern and terthnaols 
a:ccraft. In resale mark2t value, 212 S-/7 
retain one-half to two-thirds of its orig 
ten years of service. For depreciation co 
twenty-five percent residual value can be 
Same time period [Ref. 5: 4]. Depresiatior 
elane would then be the total cost o£ *h 


$2,202,130, divided over 3 ten yea 


4 
‘Oo 
(Dv 


five percent residual v2ali2. fhis 
depreciation value of $165,160. Any 
@itcraf~, to meet NPRM 79-13 standaris, would inasrease the 
feeeae or =he aircraft, inscreasing op 


Over the useful life of th2 aircraft. 





Meta ome PMc ne dliscet Operatiag costs per flignh= hour 
mec DG>e= Ors Of the S-76 are summarized {Ref. 6: 4]. It is 
a breakdewn of all costs asscciate2i with heiicopter ope¢era- 
tions as eStimated before noise modifications ind 
redesigning take place. Table IV is a projection of 
increased costs as a result of new designs on rotor blades, 
enjines, and transmission areas on a derivative aircrait. 

It shows higher operating rtost using adjusted figures fre 
Tabie III and weignt and cost data from Table II. The deri- 
vative figures were best astimates derived fron Sikorsky 
publications and cost data generated Crom helicopter mantu- 
meee ucers producing comhersial helicopters of similar design 
peoeweigh~ to that of the $-76, as reported to the IACO 
momma -tcse On Aircraft Ndis2 (CAN) Working Group B, in May of 
foe. Tabie IV is a projection of wosat operators may have 
Memmeace =n increased costs, if Sikorsky and othar helicoper 


Manufacturers have to redesign for nadisé abatanant rulss. 


D. ELASTICITY EFFECT OF NOISE RULES TO MANUFACTURERS AND 
OPERATORS 


ie analyse more fully the affects noise rules would have 
Oh manufacturers and operators, it is important to under- 
Stand how responsive thes markets arc2 to chanjg2s. Since 
new regulations would undsubtiy rais2 manufacturers and 


operators! costs, these costs would in turn have to be 


absorbec by consumers. Th2 important economic question here 
Bemnow Will helicopter sperators raspond +o increased costs 


Srenelicoprers? This question deals with demand and prics 
elasticity and must be carefully stuiiad to evaluate its 
mmpact—on the market. 

Giver an increase in costs to Sicorsky, what would be 
their change in revenue from a decrease in sales? Revenue 
Ss 


meme cd to the elasticity of damani for the oroduct. 





Metetic cy iS elated eto The presenc> of substitutes for che 
BegGuct and is defined as the percentage chang? in guanticy 
divided by the percentage change in price. Unfortunatel 
it is difficult to measur2= the elasticity of sales to heii- 
copter operators because they only purchase helicopters in 
orjier to provide services to others, just as buses are 
conmonly produced for and purchased 2y bus companies. 
Matters is the elasticity »f helicopters services to the 
consumers of the services as discuss21 in Chaptézr II; ie. 
mimeer, Cil, executive transportatioi1, atc. Therefore, 
there are several relevant demand curves here. The subs*i- 
tution pessibilities will be discuss2i below to provide soms 
qualitative idea of the elasticity. 

The elasticity of a product measures the change in 
prices for a change in denand. AS nentioned earlier, the 
forestry industry uses heavy-lift halicopters t9 remove 
felied trees from remot? areas othetwita unaccessidle by 

n 


Meagang trucks. The trad2off for ths companies in 


ny) 


u 
Meli=copters is the rapidity with whith helicopters can 
Pemove icgqs without having logging conpanies invest extra 
Mmemey constructing accesslidils roads for logging trucks. Ths 
lumber companies are weighing the valus of faster and expe 
Sive helicopter services against slowar trucks which requ 
new roads. 

Simiiarily, oll companies ¢stin2at2 th2 ¢conomic value cf 
flying crews and supplies to oil rigs instead of using 
Slower, surface vessels. The opportunity cost to fly 2 
Mmumbet OL workers to o11]1 rigs at cna time is idwar because 
crews can be changed in a fraction of the time it would t2ke2 
Paaps tO complete the transfer. For 2xample, if an oil rig 
is lecated sixty miles offshore, it could be serviced by an 
Pa7o helicopter carrying twelv2= passengers in about thirty 

meces, The round trip would last about one hour at a cost 


of $1000. A surface vess2l making twanty knots and carrying 
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twelve pessengezs wouild make the rouad txzip in about six 
hours. If the cost to operate the surface vess2l is only 
$100 per hour, wir SmWOlld 20Ucn 2 bO)0 cose. but. tha eer: 
has taken a longer period of time, with a high logs in 
Beyauction for the crews 23nd the S11 company. A three hour 
Seansit itor twelve passengers at, foc example, 315.00 an 
hour, equals $540 in wages lost from production. Total 
costs for’th) movement of trews by sicface ship equals 
$1140. On the other hand, the helicopter cos: $1000 per 
hour plus the lost wages for tweiv2 d2assengers (at the same 
mete scale) for thirty minates, or $99.00, for a total cost 
memene Company in rental aad isst production of 31090. 

This simple example danonstratées the savings oil compe- 
ni2zs enjoy fron utilizing helicopt2rs instead of slower, 
surface ships. 

There is also a large iemand for 2xecutive ind commuter 
helicopter services. In this snviroanent, transit tines 
between business districts and 2izports can be shortene 
uSing heiicopters as shuttles. Intercity s 
copters have been introduced in several a 
United States, the most extensive being the San Jose, 
Maetand, and San Francisco commuter routes. As helicopter 
Sects rise, ths more Izkely executives will take ground 
Pema peLtation, which is much sheaperc. Usually, only a few 
executives travel together, so even though their salaries 
are higher, there is likely to be more substitution than in 
the oil example: 

When noise abatement requaltions for the helicopter 
industry eventually bpecom2 law and nanufacturers a 
rejuired +o engineer their helicopters to_he mor2 quiet, 
what wiili be the burden of these chaiges? The answer to 
this question will depend upon a number of factors. First, 
how responsive to a price change ar2 helicopter sperators? 


meee 1S, if manufacturers incr2ase their vorices on 
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helicopters and pass this increase o1td users, will users 
look elsewhere for other n2ans Of transportation? TE: 
consumers of helicopter services dd ast respond to increases 
passed on to them, then market demani for helicopters as a 
means of transportation is said to b2 inelastic and unres- 
ponsive to price increases. But, if a price ris? is passed 
to operators and they stop purchasiny heiicopters as thei 
custcmers *urn elsewhere for substitutes, then the demand 
for helicopters becomes elastics. This is the operator's 
Signal to the manufacturer thet helicopter cperations have 
become toc €xpensive and alternativ2 neans of transportation 
have been found by the ultimate consiame2rc. 

The impact of these higher costs ‘> operators and 
customers can be reflectei in a2 nunbir of ways. If 
customers can find cheaper supstitut2?s than helicoptets, 
then increased costs will drive tham to substitutes. 
Op2rators must determine how rar on 2 customer's demend 
curve he can raise prices before customers search for alter- 
Matives. Because each catagory of customer has its 

i 


Memand curve, the elasticity fsr halicopters usag 
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mes Gi ttecult to estimate. Tf sustomers cannot find 
Pim@sethcutes that give then as much atility as hzilico 
Gvern with the extra costs, then customers will 2lact te 
absorb these costs. 

Pmapnically, the costs effects of noise control regula- 
tions in the form of increased expenses are displayed in 


Megure 32.7%. The initial market equilibrium is at E, with 


Ui 


Mieeeauemcity sOld, 210 units. This was about Sikorsky's 
mae o- 7/6 production. fhe price of sach S-76 to the oper- 
meouewas G©Stimated at $2.2 million. An eppreximate 22% 
increase (as estimated by Sikorsky 11 their report to the 
Economics Subgroup of the [TACO Committse in May, 1982) would 
Mm@erecase this sost to $2.53 million “Ref. 4: 33]. Tf regu- 


lations increase costs to the manufacturer bv 22% per 
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emer art, What might be the effect on the number of airecraiz= 
memes TWO hundred ten helicopters at $2.2 miliion 2pproxi- 
meeeeeer4O2 Million busia2ss annually. If S-/5 sales were 
to slip by fifty-seven aiccraft per year, this would be 
reflected in a $125.4 million annual loss. Extaaoding this 
anoual icss through the relevent tim? period, 1981-1990, 
(like Sikorsky has predicted in Tabl2> I) then 3 $1 billion 


loss in S-76 sales could b2 realiz2d. The drop in sales 


meom 210 to 153 eircra£tt flects an annual decrease of 
twenty-five percent, and is characterized by S* =.25. The 
macket elasticity, (givan®& =.22) 09¢ a2. fe = 1.136 


memecaces that Sikorsky's astimate of a $1 billion loss in 
easonable, since this is 2 relatively low elasticity. 
From my talks with nacketing analysts at Sikorsky they 
meen ce egree with this approach t9 aslicopter s2les. Th 
feel that the initial cost of 32 helistopter to a user is no 
mies MOSzt Important economir> consid2ration facing a user. 
Si@eman2caal sutlay Ecr ths purchas>= 2f a helicooter is tied 
pemeene Cest of borrowing noney. Th2 najor aconsmic probien 
meeang Operators is the return operators expect to receive 
beam keizcopter operations. ihe CoSse -Of REl2= copter u-i li za= 
Pomc O che Dpsrator, accoecding t> Sikorsky, should be 
one-halzi to two-thirds of his gross rivenues. Annually, 
Cp2rators try to meet in jcooss réevanies the purchase price 
ef their helicopters. From Tabie [II, the overating 
expenses per hour for $-75 usage has been costed at 3789 for 
moOeeneours of flight tine. At this cats, operators should 
Be charcaqing (at one-halr) 31184 t0 (at two-thiris) $1318 to 
Suscomers per flight hour 1f they axoect to rsach this 
revenue cbjective. These figures riopresent 2 high hourly 
cost for helicopter operations, but the utility d 
Fication of helicopters have made then indespensible modes 


of transportation. 
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There are several lessons to be Learned from demani 


price elasticity. Marketiag predictions have to be 
extremely accurate when they 
be 


Signals given by users as to 


ROreCaste Markee, fess c ons 
fa liogsi 


WReenof Oi ommoperi tors 


=O 


price changes. Care must t> read clearly 

would 
accept increases in helicooter costs. If these market 
Seoiais are misinterpretei, manufacturers could wind up 


Mearang the 2ntire burden of incr2ased costs. 


TABLE III 
Summary of Direct Iperating Costs per Flight Hour 


ANNUAL UTILIZATION - HOURS 


foo 26 
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654.24 


FLIGHT OPERATIONS 1000 1400 1800 2200 
Crew Costs 7 oO 7500) TOO To 200 
Fuel and Oils 96.30 96.30 96.30 96.30 
Insurance 88.09 62.92 48.94 40.04 
Total Flt Operations 259.39 Beas “220,24 PRG etet 72! 
MAINTENANCE 

Labor SO. a 08) De 00 el 16 0) 
Overhauls 5BOG00 SOOO 50.700 SG 200 
Rotor Blades 9.00 9.00 9.00 9.00 
Parts & Repair S220C 52.00 52.90 32500 
Engines 20200 20200 30.00 90200 
Total Maintenance 22500 233200" 2332.00 235.00 
DEP RECIATION 165.16 ie 7 91.76 Po, OFF 
OVERHEAD lee sera iy OL 109.060 LOS.cc 
teorAnL ESTIMATED 

BPrRsCr COST OF 

OPERATION 


O2en20 





[TABLE IV 
Comparison of $-76 Costs Before and After NPRM 79-13 


BASELINE/1000hrs DERIVATIVE % CHANGE 
Bniwe Costs (3) 2703, 130 2 6437556 20 
Operating Costs 
a) crew 75.00 152200 _ 
b) fuel & oil 96. 30 97.26 1 
c) insurance 88.09 88.97 6 
d) depreciation 165216 Ioae27 20 
e) maintenance 236200 259 240 10 
f) spares 32200 47.00 46 
Overhead je 8 ey 8 2575 9 
Zotal Hourly 
Operating Costs 189.226 ClozoS 16 
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Pric= and Demani Elasticities. 


Figure 3.1 
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APPENDIX A 


A COMPARISON FOR ESTIMATING HELICOPTER PRODUCTION COSTS 


A. THE BELTRAMO STUDY 


ive Cel cramo Study, coaducted from 1978-80, was a study 
sponsored by the National Aeronautics and Spaces 
Administration to deternia2> recurring weight estimating 


relationships (WERs) and cost estimating relations 


h 
(CERs) fer helicopters at the systems level. Dr. Be 
weight estimating relationships were iéveloped throu 
Statistical analyses. He 2xamined hzlicopter subsys 
weignts to determine their relationships to desidqn and 
BeeroOrmance characteristics. Dr. Beltramo founi t 
helicopter subsystem's weizyhts could be accurately evaluated 


Ser pe 


Mm 


h 
using ome or two performante variabizs, which best d 
Eg 


tha functional and statisti 
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Omee accurate weight estimatin 
bean derived, Dr. Beltram> cou n 
tion quantity as parameters for his tost estimating 
equatiors. 

Dr. Beltramo's WERs ani CERs were developed using cost 


Department of Defense, ani subcontract 


d 

and performance data he hail gathered from manufacturers, the 
Ses. ALeasvuen as 
u 


based scme of his CERsS on inhouse production ani others on 
pmmeiemertacted costs, <his iid not significantly alter his 
overall cos* estimates. By uSing sost data from one 
Supplier in the industry, Dr. Beltrtans produced TERs that 
gave reasonable estimates 2venthough they were based on 
Miteestic tacher than statistical tsasoning. Or. Beltramo 
also assigned confidenc2 values to his data t9 indicate how 
reliable ne estimated his sources, ani to help users of his 


equaticns recognize areas wher2 errors may ariss. 
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CERsS are useful to manufacturers in that they can more 
Meeuretcly predict Tecurring production costs and their 
Mmipdet On alternative d2signs, labor, materials used, and 
technology. Unlike his weight data, Dr. Beltrans's cost 
data had to be adjusted for cost elenents applicabie <to some 
ments twelve systems and not others [ Ref. 5: 3-8]. 
Examples of such elements are the c95s2 of research and 
development, engineering, and toolinjy. These costs had to 
BemeamoOnc: zed over certain production areas and not others. 
Other indirect cost elements that hal to be considered wer 
learning curve adjustments and inflation. 

The Beltramo study inciuded all sostsS to th? manutac- 
Pilea tor inhouse production, subcontracted costs, and 
inhouse assembly costs. Inhouse proiuction el2anents 
mreemucded: fabrication, 2njineering, tososling and raw mater- 
sals. Ccs*s that were subdsontractad were for sutside 
producticn and purchasedi 2zyJuipment. Inhduse assémbly costs 
mmeruded: qielity control, minor ani major ass2aibly, and 
were hancled by a separat2? equation. Here, Dr. Beltramno 
Saoceacted from the manutasturar's total cost itsms that 
were subcontracted. The item u 
er's plant (such as aircrift engins 
So@epment, and landing yeac), i> not repr fen ano souuice.On 
Cost tc the manufacturer, but an assembly cost, that when 

muoae2o Product ion, give the total co a nelzgcoprsr to 
the manufacturer. 

The Beltramo study was an ind2pta study to cost out the 
helicopter by subsystems. His work has proven to be of 
value to NASA and other enginears working with dasign paran- 
eters of weight and perfornance when costs were not known 
and had to be estimated. 





Be. THE BELL/NORTH TEXAS STATE STUDY 


In 1978, a research student at North Texas State 


= 


Charies F. Bimmerle, work21 in conjunction with Bell 
Helicopter's engineer, Johany J. Gilliland, to develicp a 
statistical model that would acscurately estimate the recu 
ting costs of five major subsystems tomprising a helicopter. 
The study was conducted t59 show that 32 manufacturer's 
pemeeGCOSTS COUlLd be statistically avaluated using production 
quantity, weights, and performance variables. Statis 
parametric analysis had b2>ome popular and was 2 derivative 
of various cost approaches used within *he Departn 
Defense for the fast twenty-five ye2ars. 

mae Bell/NIS study i143 not attamot +o analyses the tctal 
BeeWerang costs of helicopter production to manuractusers. 
Rather, it was a statististal evaluation to help engineers 
more accurately predict costs from d2sign paraneters. The 
study analysed the major subsystems from which sufficient 
technical data was available. Fiv2 subsystems were evaiu- 
ated - *he airframe, (excluding the landing g 
Memreecurring Cost item subcontracted sut by B 
drive system, power plants, (excluding the engines 
Bieeerical. The Bell/NTS study estina a 
five catagories, eighty-nine percent of 1 oe 
recurring costs were involved “Ref. 7: 10]. The stud 
migemean: in that 1t will give an alternative costing 
approach to the equations ievelopei by Dr. Beitramo. 
Conparing the two studies will help analyse: 1) what 
parameters the developers beiieved t> be crucial, 2) # £xhow 
these factors were integrated into system's analyses, and 3) 
@eeompar2=soOn Of che results with a scitical evaluation. 

Accurate cost estimations for sziccraft subsystems are 
important and necessary for manufactirers to know for a 
hunber of reasons. Accurate costs will help ths 





Manufacturer determine whether or not their product w 
economical to preduce. Production costs will help «he mark 
eting department determine pricing policias and anticipated 
consumer demand. 

mecGrding tO the aelthors, the cost date generated Fron 
this study was compared against the average costs of heli- 
copters during several projiuction runs. Cost flucutations 
between the Bell /NTS study and actual production costs were 
slight, varying between three to fiv> percent above or below 
actual costs. 

The physical and perfsc mance variables considered in ths 
Suma ewere: weight, Siz=, speed, canje, thrust, torque, RPU, 
Memeecne gquantity of aircraft producei. This last parameter 
was used as 2 benchmark f3c¢ learning carve improvements. 
Table V illustrates the five major subsystems used in the 


BoieE/NTS study, and a d2scription of the variables used. 


C. COMPARING THE TWO STUDIES 


The findings from the two studies revealed cost estimna- 
+ions that have been analysed diffarently but draw close 
escimaticns in three cataj>ries - th airframe, rotor, and 
electrical systems. 


Im comparison with the Beltram> nsdel, a cost breakdown 


= 

of these five subsystems ascounted for sixty-six percent of 
Bi-MeeeGULLing SOSsts tc Sikorsky. ($335,059 divided by 
moomoo). The $510,507 figu d2rived by subtracting 


miemeest OL the engines t9 Sikorsky, 3$31381,285, and the cost 
5 h 


Sieeue ianding gear, $9707, fr Set oar enOO Snes FO2 5 0 Ics 
The $335,059 is a total ort the five subsystems From Dr. 
Belberamo'sS study as indicated in Table V. 

When the Bell/NTS study analysed the electrical 
subsystem, they used performance and quantity variabiées. 


However, *he two studies! formulas revealed very ciosé cost 
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TABLE V¥ 


Cost Estimating Equations from the Bell/NIS Study 


ee SUBS Yo TEM 
= 85 
Pemcoeo 34xq °° ouewr’ =? Roc’ ° 7° 
-.5 =. 5 
mer 5 7836 poy + 2945 
ROTOR SUBSYSTEM 


-. £95 
pemiee 4469x0717) pr 2?! 25 


DRIVE SUBSYSTEM 


me : nS es 
D= .003544x0 12227... 3793 om S752 
ppt: 10141 ay7 + 46998 


PROPULSION SUBSYSTEM 


~- 11696, ,1-61657,, 


ot 82 732 


P= 2956.038xQ 


: eos 
P 98026. 45546 


N CH 


ELECTRICAL SUBSYSTEM 


B= 30.514x97 08239 go ¢7 60499 35» 78978 pp y+ 71886 


eg 


where: 


O= unit guanity (210 units) 

MGWT= max gross wt. (10,300 lbs) 

ROC= rate of climb (1350 ft/min) 

CEIL= service ceiling (15,000 ft) 

RPM= takeoff max engine RPM (6016 rpm) 
RWT= rotor subsystm wt. (1089 lbs) 

HP= takeoff horsepower (1300 shp total) 
VT= main rotor tip speed (293 rpm) 
TECH= technological factor (year 1979) 


BELL/NTS BE LTRAMO 


246,870 236,197" 


By oo 60,956 


1,/64 JOR o7 


67220 lei. 265 


beam 37,906 


PWT= propulsion subsystem wt. (exclud. engines 97 lbs) 


VOL= airframe volume (1083 cubic ft.) 
NE= number of engines (2) 


1. AIRFRAME SUBSYSTEM COSTS (Beltramo) 


Fuselage 93,584 
Blt Controls Ze OH 
Instruments 4,/80 
Hydraulics Soe 
Furn/Equip 13719 
Inhouse Ass 90 ,407 

Total ove AE) 


53 


2. ELECTRICAL SUBSYSTEM 


Electrical 2 8 30 
Avionics DES Tile: 
Total a7 0c 





Sse seOns , "ONnCe the aviaomics ccsts From the Bzltramo noiel 
Bis added <oO its electrical .costs. 

inechne =OtOrE System, the cost estimations fron the two 
studies were once again vecy closs, 657,316 for the Bell/NTS 
Bees o0m756 for Dr. Beltramo. Each study used production 
quantity and weicht as thair dependant and independent vari- 
ables, thereby keeping th2 parameters consistent. One 
possible explanation for the differences in prices could be 
that Bell used a model helicopter that had had a large and 
successful production run. This factor could lower manufac- 
tUEIng costs as learning turve theory took effect. 5¢el1l 
could also have enjoyed discounts fron larger purchases of 
Bewemacetials. Additionally, technology on the Bell 
products was older than that used on the newer, S-76 model 

Geombering <he e@irtramSs subsection from the Bell/NTS 


study or to th2 Beitram> study is noce difficult for several 


reasons. First, the Bell/NTS study ised aircraft gross 
weight and several performance variaogles in its caicula- 
tions, whereas the Beltrand study 152d only subsystem weight 


GeeeeDEOGUCTION Quantaty. Theswell/NIS study zook nore 
performance variables int) consideration, which could have 
Smeg cOsSting Grror or costing not associated with airfrane 
production as a subsyst=nm. OM “Eye S28 her hand, “<hes 
may have been necessary to adequatsly 2xplain tne ~~ 
@eyeee cf technology assotiated with this complicat 
Sye-em. TO bring the Beltramo cost nodel into a co 
range with the Bell/NTS srtady, several airframe rela 
Subsystems" costs were adied to ths airframe cost. T 


memawedecos-sS, (flight controls, instruments, nydraulics 


= 


furnishing and equipment, and inhous= assembly) are oriented 
more towards performance variables ani bring the Beltramo 


costs closer in line with the Bell/NTIS study. 


23 





Perhaps the greatest surprise? noticed when comparing 
the two studies arose in the Bell/NIS cost analysis of the 
drive system. The drive system, as stated earlier, is a 
very complex and S¢xpensiv2 subsysten 2f any helicopter. 
Consequently, the very low cost figurs associated with the 
Bell/NTS study causes concarn. The performance parameters 
that the study used seem to correlat> weil with drive train 
Gmemengine perrormance - 13. horsepower, RPM, rotor tip 
speed, and technclogy, but the low cost figure jierived from 
this formula could not reocesent the cost of such a major 
-SubSyYStem TO the manufacturer. 

The propulsion subsystam's estinates of the Bell/NTS 
Semeye did not include costing for the power plants then- 
selves. The reason for this is that angines for the Bell 
ani Sikorsky helicopters are purchased from outside manufac- 
mien s and represent a supcontractiny roost, not 2 production 
cost. 

The drive and propulsion subsystiaus were included but 
not compared by the Beltramo model for «wo reasons. First, 
when comparing the costs between the two equations, such 3 
large divergence resulted that a conoarison was unrealistic. 
erGosS. Soe the 
f the fuselage 


that supports the engines (the nacelles). For the Beltramo 


Secondiy, the Bell/NTS stuiy eliminated <h 
O 


engines and costed out instead that sart 


study, engine nacelle welght was included in the weighs of 
the fuseiage. TItwas further assunai that the Ball/NTS 
study included in its breakdown of tha five major subsystams 
costs for inhouse assembly. 2nce Bell estimated that thesa 
five subsystems accounted for sighty-nine percent of the 
recurring costs, inhouse 2ssembly is assumed =o be computed 
in each formul:3. 
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D. CONCLUSIONS 


The Bell/NTS study was an attempt to broaden costing 
Paeameters by incorporatiigj perfoftnaice, weight, and quan- 
tity data to helicopter subsystems. In three of the 
BeLl/NTS's subsystems, th2 estimatiny equations drew close 
estimates to the Beltramo model. In the remaining two 
subsystems, results fron the cost eqyiations from the 
BeLl/NTS study could not b2 generated with a raasonable 
amount of confidence. This was from the fact that many of 
the parameters used by the Beil/NTS study were performance 
parameters, that added 2 isgrea of conolexity *t5. «the 
welght-to-cost estimates. In Bell/NIS's attempt to quantify 
costs too accurately, they may hav2 nislead *henselves with 


extraneous variables that only complicated their data. 
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